The following experiments on antitrypsin and autolysis were carried out preliminarily to an investigation into the variation of antitrypsin in bacterial infection and anaphylaxis and its relationship to the symptoms of toxaemia.
Various investigators have been struck by the uniformity of the main manifestations of bacterial toxacmia in animals of the same species and have come to the conclusion that the symptoms are due not to specific bacterial endotoxins but to a non-specific poison formed (1) either from the bacteria themselves by the action on them of antibodies and complement (Teale and Embleton [1] , Vaughan [2] ); or (2) from the plasma of the infected animal (Jobling and Petersen [3] ). These last authors believe that bacteria can adsorb antitrypsin and so allow the plasma proteolytic enzymes to give rise to proteose-like toxic bodies from the animal's own body fluids. Further Wright [4] in his work claims to have shown that certain bacteria can only grow in the tissues, &c., and produce toxins when the local adsorption of the serum antitrypsin is sufficiently great to allow of auto-digestion of the tissue fluids, and the consequent production of sufficient split pfoducts to allow these bacteria to grow.
Lastly, our experiments on the changes in the nitrogen content of the blood in bacterial infection showed a great increase of non-coagulable nitrogen, chiefly, in fact almost wholly, in the form of urea, and so it became necessary to investigate the influence of the serum antitrypsin on tissue autolysis; and also to determine whether a special tissue antitrypsin was present or not.
HISTORICAL.
Hildebrandt [5] made the first observation that the unheated sera of all animals and also egg albumen possess a marked resistance to the action of proteolytic enzymes. Hahn [6] made a similar observation a few years later. According to Levine and Sankey [7] this antitryptic property is also possessed by the various tissues and organs of the body. Weinland [8] demonstrated that certain intestinal worms contained a powerful antitrypsin, to which he attributed their ability to live bathed in the intestinal digestive juices. This observation was confirmed by Hamill [9] who isolated the antitrypsin of intestinal worms and studied its properties. He showed that the antitrypsin was not a lipoid or a lipoidal combination. The antitrypsin did not destroy the trypsin but inhibited its action for a time until it was itself destroyed by the trypsin. Cathcart [10] showed that the antitrypsin is connected with the albumen fraction of the serum.
With regard to the nature of antitrypsin there are various views:
(1) That it is a true antibody in the sense of Ehrlich-(Achalme [11], Jochmann and Kantorowicz [12] , Mayer [13] , Eisner [14] , and Wiens [15] ). Mayer states his belief that the antitrypsin is an antibody provoked by the ferments of the cells as antigens. Eisner [14] and Wiens [15] believe that the antigen is the leucoprotease of the polymorphonuclear cells. Many observers claim to have been able to produce anti-enzymes by inoculating animals with trypsin, pancreas, &c. The results are very contradictory and have to be discarded because of the action of the precipitins provoked against the proteins in the antigens used. Delezenne and Pozerski [16] state that the antitrypsin exerts its effect chiefly by combining with the kinase activating trypsinogen. Bayliss and Starling [17] oppose this view and believe that the antitrypsin acts directly upon the trypsin.
(2) Rosenthal [18] also suggested that the inhibition was due to the presence of proteoclastic cleavage bodies in the sera used. Bayliss [19] , Abderhalden and Gigon [20] found that some of the products of tryptic digestion inhibited the further action of the enzyme to some extent.
Later Walters [21] showed that this occurs only to a slight extent and that the inhibition by serum is far too great to be accounted for in this way.
(3) That the antitrypsin is lipoidal in nature.
Schwarz [22] and Suginmoto [23] believe that the antitryptic action is closely related to the lipoids in the serum. They found that by treating sera with ether, benzol, olive oil, &c., the antitryptic power of the serum was greatly diminished or lost. Delezenne and Pozerski [16] found that shaking sera with chloroform destroyed their antitryptic properties. Later Jobling and Petersen [24] and others, observed the same and came to the conclusion that the antitryptic power was due to the serum lipoids and that the power could be restored by saponifying the lipoid extracted with chloroform, &c., and adding this soap to the extracted de-antitrypsinized serum. They further believed that the antitryptic power of the soap is proportional to the degree of desaturation of the fatty acid in the soap.
Cobliner [25] and Mayer [13] showed that extraction of dried sera with chloroform, ether and petroleum ether did not interfere with the antitryptic power. Jobling and Petersen [24] explain this by saying that the extraction is more effective when carried out with wet than with dried sera.
THE METHODS ADOPTED FOR DETERMINING THE ANTITRYPTIC POWER OF A SERUM.
(a) It was found after many experiments that the following rapid method gave results closely comparable to the much longer process detailed below, and in addition allowed of expressing a " unit "-a quantity of serum capable of inhibiting the liquefaction of a standard quantity of gelatine by a standard of trypsin.
The unit of trypsin was determined by finding the smallest amount of a 1 per cent. suspension of trypsin, which caused complete liquefaction of 1 c.c. of 15 per cent. gelatine at 370 C. in thirty minutes, all the reaaents being at 370 C. before mixing. After incubation, the tubes containing the mixtures were cooled at 100 C. for thirty minutes and the amount of trypsin causing complete liquefaction determined.
The antitryptic titre of a serum was determined by adding graded quantities of the serum (usually diluted 1 in 5) to a series of tubes containing the unit of trypsin, incubating at 370 C. for thirty minutes, then adding 1 c.c. of 15 (A) The Antitrypsin of Egg White.
Our first experiments were made with the white and yolk of eggs, and from them it will be seen that egg white has very marked antitryptic properties, whereas the yolk, in spite of its great lipoid content, is not antitryptic in the slightest degree. The suspension of egg white was made by dissolving up 1 grm. of vacuum dried egg albumen in 100 o.c. of normal saline. The yolk suspension was made from a fresh egg and was used in a dilution of 1 in 10 in normal saline and pure. Experiment 1.-The egg white suspension was added to the unit of trypsin in graded quantities, starting with 10 c.mm. of the 1 in 100 dilution. The mixture was then incubated in the water bath at 370 C., for thirty minutes, when the gelatine was added as above. Hamill [9] showed that the antitrypsin could be extracted from intestinal worms by treatment with 50 per cent. alcohol. We accordingly took vacuum-dried egg white, ground it up in a coffee-mill, and added two volumes of 50 per cent. alcohol, and kept the mixture at 56°C. for twenty-four hours. The supernatant a]cohol was then decanted, and the residue squeezed out in a press. The fluids were mixed and filtered. A clear yellowish fluid was then obtained. This was evaporated down at 560 C., and yielded a yellowish resinous-looking residue. It was purified by adding 50 per cent. alcohol, which caused the greater part to go into solution. The solution was filtered, re-evaporated at 560 C.,. and again treated with 50 per cent. alcohol, and the process repeated several times. (2) were then evaporated-and boiled with 20 c.mm. of N/10 alcoholic potash, and excess of alkali determined. Showing that more fats are dissolved out by chloroform extraction of dried serum than fresh serum.
Finally the method of Cathcart [26] for completely removing the lipoids from a serum was carried out. Experimhent 13.-(a) 5 c.c. of guinea-pig's serum were cooled to 0°C., then poured into 40 c.c. of absolute alcohol at -140 C. and left for one hour, filtered in cold filter at the same temperature, washed with absolute dry ether at -8°C., then extracted with boiling dry ether fir twenty-four hours.
Titre of serum (50 per (C) Soaps as Antitryptic Agents.
Jobling [24] in support of his view that the serum lipoids are antitryptic shows that the extracted lipoids when saponified are antitryptic. He further states that the antitryptic power of a soap depends upon the degree of desaturation of its fatty acids. Our experiments go to prove that all soaps destroy trypsin, no matter how unsaturated the fatty acids are. Their action is quite different from that of true antitrypsin. As will be seen later there is not much difference in the amount of inhibition exercised by a given quantity of serum if the experiment is performed in two stages or in one, viz., if the serum is allowed to act on the trypsin for some time before the gelatine is added or if all three are added simultaneously. In the case of the soaps there is a great difference in the amounts necessary to produce F-12 inhibition if the experiment is performed in two stages or one, i.e., the soaps depend for their antitryptic action on the degree of concentration. Experinment 14.-Suspensions of the following soaps were prepared and the amounts necessary to inhibit the unit of trypsin were determined: (a) with the soap, trypsin and gelatine incubated simultaneously; (b) with the soap and trypsin incubated together for.thirty minutes at 37°C. first, and then the gelatine added. These experiments are at variance with those of Jobling [24] and show: (1) that the soaps act quite differently from the serum antitrypsin-the effect of concentration of the former is very apparent, in the latter this is not apparent to any marked degree; (2) We have previously shown that lipoidal solvents destroy the antitrypsin in fluid sera, but find that this is due to the precipitation of proteins, and not due to the removal of the fats, The following experiments show the effect of acids and alkalis on serum antitrypsin. It was, however, first necessary to find the limits of acids or alkali concentration interfering with tryptic action. We accordingly exposed the trypsin to acids and alkalis of various strengths, and tested the result with gelatine liquefaction. A deposit was formed on neutralization. This was taken up and was found to have no antitryptic power.
(2) Rabbit serum was made alkaline with NaOH to the desired degree, incubated for twenty minutes in the wa.ter bath at 37°C., then neutralized. After 120 hours at 370 C. 
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From these experiments it is seen that autodigestion of the serum does not occur when the antitrypsin is destroyed by (a) n/20 lactic acid, (b) chloroform at 370 C., (c) ether at room temperature (sheep serum), (d) iodine. This may be due to (a) absence of an autolytic ferment, (b) destrjiction of the ferments by the reagents used to destroy the antitrypsin.
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Hence it is only the destruction of the antitrypsin which activates the serum ferment. Further, the experiment shows that the ferment is not inactivated by chloroform at 370 C. when the serum is dried. This experiment is especially of interest and importance in conjunction with the results obtained re the antitryptic adsorption and the production of anaphylotoxin in vitro by the same substances.
Jobling's [24] experiments showed adsorption of antitrypsin, rise in N.C.N. and production of anaphylotoxin; our experiments show that although a potent " anaphylotoxin" can be obtained by exposing guinea-pig's serum to agar, &c., there is (1) no adsorption of antitrypsin by the reagent; (2) no rise in N.C.N.; (3) an adsorption of the proteolytic autolytic ferment. Hence these experiments are completely at variance with those of Jobling, and show that the," anaphylotoxin" is produced without any evidence of autodigestion and by substances which do not cause the adsorption of the antitrypsin. Hence we conclude that (1) there is a weak proteolytic autolytic ferment in the serum of the guinea-pig, less in the other animals experimented with (human, sheep, rabbit, dog); (2) the autolytic ferment is easily destroyed by (a) slight variation in the reaction (n/400) ; (b) the reagents which destroy antitrypsin; (c) and by heating (560 C.). The importance of this lies in the relation of this ferment to "anaphylotoxin" production in vivo and in vitro and the so-called protective ferments of Abderhalden [27] which will be discussed later.
The following experiment is of great importance re the activity of the autolytic proteolytic ferment of the serum in vivo.
Experiment 9.-A rabbit was inoculated subcutaneously with 1 c.c.
of oleum phosphoratum B.P. Previous experiment had shown that this causes the antitryptic titre to fall almost to nil a few hours before the death of the animal. The animal, as already mentioned elsewhere, suffered no pain from the inoculation and continued to eat well till shortly before it was killed. The. serum of this animal gave the following results. This investigation was carried out because we desired (1) to determine whether there was any difference in the rate of autolytic degradation of the solid tissues of animals dying from bacterial toxwsmia and those of normal animals. The possibility that such differences might occur was suggested by our experiments in which we noted a great increase in the non-coagulable nitrogen in the blood of infected animals, the increase being however almost wholly in the form of urea. The experiments of Jacoby [28] show increased autolytic degradation in phosphorus poisoning; (2) to determine whether serum antitrypsin had any influence on tissue autolysis. The experiments-under this head therefore resolved themselves into (a) the confirmation or otherwise of the current conception of the rate of autolytic degradation of tissues under conditions of absolute bacteriological sterility; (b) to determine whether " antitrypsin" is present in the tissues and if serum antitrypsin has any influence on tissue autolysis.
The great difficulty in these experiments was to obtain the tissues absolutely bacteriologically sterile. In spite of absolute bacteriological sterility in removal and manipulation, it -was found that bacteria were present in pr'actically every specimen used. It appears that the liver, especially under normal conditions, contains bacteria, probably in the bile passages only, of the nature of Bacillits coli and Bacillus Welchi.
These bacteria, as will be seen later, have a marked influence on autolytic degradation and account for the current idea of the rapidity of autolytic degradation of the tissues. In order to obtain material bacteriologically sterile, the tissues used were removed as carefully as possible re asepsis and were then ground up with sterile normal saline in sterile silica tubes with pebbles, by continued shaking for six hours in a machine shaker-on the principle .of the pulverization of bacteria to obtain the " endotoxin." In this way perfectly sterile specimens were obtained for experimentation. N.C.N. was determined by the method previously mentioned.
(A) Autolysis of the Liver. Experinment 1.-An emulsion of normal rabbit's liver was made in normal' saline. The emulsion was made about 10 per cent. to compare with the experiments of Schryver [29] . It was found to be bacteriologically sterile. ...
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Other experiments 'gave similar results. Rise in twenty-four houirs, 7 to 14 per cept. N.C.N. Experiment 2.-An emulsion of normal rabbit liver was made in normal saline, about 20 grm. in 100 c.c. The liver emulsion proved to be sterile bacteriologically-a'erobic and anaerobic tests. 
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Increase in 24 hours = 7 per cent.
,, 48 ,, = 17 per cent. 
Other expe'riments gave similar results. From this experiment it will be seen (1) that the autolytic degradation is proportionate to the degree of acidity and (2) that there is no tissue antitrypsin of the nature of serum antitrypsin since every addition of acid causes increased degradation. There is no degree of acidity below which degradation does not occur and above which it does, as would be the case if a serum antitrypsin were present. Further, the n/20 acid experiment, Experiment 7, No. 7, shows that the autolytic degradation is not due to the destruction of antitrypsin since the degradation has been inhibited by neutralization. Our previous experiments have shown that antitrypsin destroyed by acid cannot be restored by neutralization, so that if the tissue autolysis were solely inhibited by an antitrypsin of this nature, degradation should have taken place, as any such antitrypsin would have been completely destroyed by this treatment. These experiments show further that under absolutely sterile conditions the autolytic degradation of the liver is slow. and this is due to the relatively low concentration of% lactic acid in the liver under sterile conditions.
(c) The following experiments show how bacterial infection hurries on the process of autolytic degradation, chiefly as the result of the acidity produced by the bacteria from the sugar of the liver and to a less extent due to the proteolytic activity of the infecting organisms. Bacillus Welchi alone gives an increase of 68 per cent. N.C.N. in four hours. The broth used was markedly acid, the reaction of the mixture 10 c.c. of emulsion and 1 c.c. of the Bacillus Welchi broth was n/120 at the commencement of the experiment.
(a) Phosphorus was primarily used during the course of these experiments in the endeavour to obtain bacteriologically sterile livers, the livers from normal animals, as explained above, practically always containing bacteria. The idea was that the excretion of the drug into the bile passages would exercise a bactericidal effect there. We noted that the livers from phosphorus-poisoned rabbits were more frequently sterile than normal. In addition it was used for the purpose of these and other experiments re autolysis, &c. In these experiments the rabbits were given 1 c.c. of the oleum phosphoratum B.P. The drug apparently caused the animal no pain, it ate well, &c., till shortly before the fatal issue. The animals were killed at different periods, bled, and the organs removed sterilely. One hour's incubation at 370 C. 24 Here there was no autolysis. Bacteriological sterility during the whole of the experiment. Another specimen of liver gave a similar result.
(C) Liver of Rabbits with Bacterial Toxwmia. Experiment 14.-A rabbit was inoculated intravenously with two slopes of dead Bacillus coli; after sixteen hours it became very ill, was killed, and the liver removed sterilely. A control rabbit had no food for the same time, to make the experiment strictly comparable. The liver was ground up in the usual way and a 10 per cent. emulsion made with normal saline. During the process of grinding up the tube was placed in an ice jacket. The control liver was treated in the same way. Bacillus Hence it wouild appear that in phosphorus poisoning and bacterial toxiemia the liver of the infected animals does not autolyse more rapidly in vitro than do normal ones, and this in spite of the fact that the blood of infected animals has a great increase in N.C.N. chiefly or almost wholly in the form of urea, which might indicate increased rate of degradation in vivo. In fact some of the phosphorus livers do not autolyse at all-it would appear as if the phosphorus had also destroyed the tissue enzymes.
(D) Leucocytes and Marrow.
Opie [30] 
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Non-coagulable nitrogen milligrammes per cent. of the emulsion.
(1) Experiment 1 appears to show an inhibiting influence of the antitrypsin on the autolytic ferment, since with n/20 there is autolysis and below that n/40, &c., which does not destroy antitrypsin, there is none.
(2) Experiment 2 shows that in spite of previously destroying the antitrypsin (f) there is no greater degree of autolysis than when the antitrypsin is unaffected (e), whereas with n/40 lactic acid alone the liver undergoes marked autolysis.
(3) Experiment 3 shows that when serum is added there is much less autolysis when the reaction is adjusted to n/20 by calculation, and hence antitrypsin inhibited, than when no serum is added. The same is noted even when the antitrypsin of the serum has been previously destroyed. It therefore appears that the restraining action of serum on tissue autolysis is not due to the inhibiting action of serum antitrypsin but to the reaction of the serum affecting the H ion concentration and the consequent differences in this explaining the various results. Further, in the work of previous observers carried out under conditions which were not absolutely bacteriologically sterile the germicidal action of serum greatly helped the idea of an inhibitory activity. We accordingly carried out experimnents where the amount of hydrogen ion was the same in all the experiments. A series of preliminary tests were made. An emulsion of liver was made in normal saline and (a) 4 c.c. and 1 c.c. of saline were made calculated n/20 lactic acid. (b) 4 ,, ,, 1 ,, ,, 
n/40,.
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To each was added the same amount of a 0 5 per cent. solution of neutral red and a titration made with n/40 NaOH. The amounts required to just make the tubes alkaline to neutral red' to the same degree were determined, the differences obtained indicated the amounts of acid bound by the seram and its salts. This amo-unt was added to the amounts previously calculated in each case and new mixtures Also the paper deals with tissue autolysis, and shows that this is quite slow under conditions of absolute bacteriological sterility. Further the paper deals with the question of autolytic degradation occurring in infection and anaphylaxis and is opposed to the work of Jobling bearing on these points.
